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when the condition is satisfied and write data in the SLC mode
when the condition is not satisfied.
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1
MEMORY SYSTEM AND CONTROL
METHOD OF MEMORY SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2012-037965,
filed on Feb. 23, 2012, Japanese Patent Application No. 2012-
060698, filed on Mar. 16, 2012, and Japanese Patent Appli-
cation No. 2012-068868, filed on Mar. 26, 2012; the entire
contents of all of which are incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a
memory system and a control method of a memory system.

BACKGROUND

In SSDs (solid state drive), when a data erasing unit (block)
is different from a data management unit, according to the
progress of rewriting of a flash memory, blocks are made
porous by invalid (non-latest) data. When blocks in such a
porous state increase, substantially usable blocks decrease
and a storage area of the flash memory cannot be effectively
used. Therefore, for example, when the number of free blocks
(unused blocks which do not include valid data therein and for
which a use is not allocated) of the flash memory becomes
less than a predetermined threshold, the flash memory is
organized, for example, by performing compaction of collect-
ing valid data in blocks and rewriting the data in a different
block, thereby reserving a free block for which a use is not
allocated.

That means that ablock having a small amount of valid data
that is a target for the compaction can be released after mov-
ing the data, therefore, the number of free blocks can be
increased by the compaction. In the compaction processing, it
is needed to determine whether data in a movement source
block is valid data or invalid data. Thus, it is needed to prepare
a reverse lookup address translation table (translation table
from NAND address into host address: Reverse Lookup
Table) in a memory. A translation table from a host address
into a NAND address is a forward lookup address translation
table (Lookup Table).

If the compaction continues to be performed when a write
request is input from a host device to an SSD, the response to
the write request is delayed. If the compaction is not per-
formed, for example, free blocks cannot be reserved, there-
fore, the compaction needs to be performed in some cases.
However, when free blocks are present even if the compaction
is not performed, it is desirable to prioritize the response to a
write request.

Moreover, a recording method in a NAND flash memory
includes a multi-value recording (MLC: Multi-Level Cell)
method and a binary recording (SLC: Single-Level Cell)
method. Whereas the SLC method (hereinafter, SLC mode)
records 1 bitin one cell that is one unit for recording, the ML.C
method (hereinafter, MLLC mode) can record N bits (N>1) in
one cell. Therefore, for example, in a MLC flash memory that
records 2 bits per cell, one cell can express four values, and,
in a MLC flash memory that records 3 bits per cell, one cell
can express eight values.

Thus, in the recording in the MLLC mode, the recording
capacity per volume can be increased compared with that in
the recording in the SLC mode, and there is a merit that the
cost per recording capacity can be suppressed. On the other
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hand, in the recording in the SLC mode, there is a merit that
the access time in writing and reading is short and the reli-
ability is high compared with the recording in the ML.C mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an internal configu-
ration example of an SSD;

FIG. 2 is a diagram illustrating an address translation table;

FIG. 3 is a diagram illustrating a block management table;

FIG. 4 is a diagram conceptually illustrating block man-
agement,

FIG. 5 is a diagram illustrating reverse lookup information
added to data;

FIG. 6 is a diagram conceptually illustrating data valid/
invalid determination processing;

FIG. 7 is a diagram conceptually illustrating 1:N compac-
tion;

FIG. 8 is a flowchart illustrating an operation procedure
example of the 1:N compaction in a first comparison
example;

FIG. 9 is a diagram illustrating an example of a compaction
source block;

FIG. 10 is a flowchart illustrating an operation procedure
example of the 1:N compaction in a first embodiment;

FIG. 11 is a diagram conceptually illustrating writing of
dummy data in the first embodiment;

FIG. 12 is a diagram illustrating the configuration of a
memory system in a second comparison example;

FIG. 13 is a diagram illustrating the configuration of a
forward lookup address translation table and a reverse lookup
address translation table in the second comparison example;

FIG. 14 is a flowchart in a case where user data is overwrit-
ten in the second comparison example;

FIG. 15 is a diagram illustrating the configuration of a
forward lookup address translation table and reverse lookup
address translation tables in the second comparison example;

FIG. 16 is a diagram illustrating the configuration of a
memory system in the second embodiment;

FIG. 17 is a diagram illustrating the configuration of a
forward lookup address translation table and a reverse lookup
address translation table in the second embodiment;

FIG. 18 is a flowchart illustrating a procedure in determin-
ing whether data is valid data or invalid data by an address-
translation-table comparing unit in the second embodiment;

FIG. 19 is a flowchart illustrating a procedure of the com-
paction processing in the second embodiment;

FIG. 20 is a diagram illustrating the configuration of a
forward lookup address translation table and reverse lookup
address translation tables in the second embodiment;

FIG. 21 is a flowchart in a case where user data is overwrit-
ten in the second embodiment;

FIG. 22 is a block diagram illustrating an internal configu-
ration example of an SSD

FIG. 23 is a diagram conceptually illustrating block man-
agement,

FIG. 24 is a flowchart illustrating a processing procedure of
the compaction;

FIG. 25 is a flowchart illustrating part of the procedure of
determining a sequential write in a third embodiment;

FIG. 26 is a flowchart illustrating a remainder of the pro-
cedure of determining a sequential write in the third embodi-
ment;

FIG. 27 is a conceptual diagram illustrating the relation-
ship between a determination point and switching timing of a
recording mode;
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FIG. 28 is a flowchart illustrating part of the procedure of
determining a sequential write in a fourth embodiment; and

FIG. 29 is a flowchart illustrating part of the procedure of
determining a sequential write in the fifth embodiment.

DETAILED DESCRIPTION

According one embodiment of the present invention, a
memory system includes a nonvolatile semiconductor
memory and a controller. In the nonvolatile semiconductor
memory, erasing is performed in units of blocks. The control-
ler includes a write control unit that writes data from a host
device in a block of the nonvolatile semiconductor memory
and an organizing unit that determines whether each data
stored in an organizing target block of the nonvolatile semi-
conductor memory is valid or invalid and performs data orga-
nizing of sequentially selecting data determined valid and
rewriting the data in a new block, and performs write process-
ing by the write control unit and rewriting to a new block by
the organizing unit alternately at a predetermined ratio. While
performing the data organizing corresponding to the prede-
termined ratio, when a result indicating that data is invalid in
a valid/invalid determination continues a predetermined
number of times, the organizing unit ends current valid/in-
valid determination processing.

A memory system and a control method of a memory
system according to the embodiments will be explained in
detail below with reference to the accompanying drawings.
The present invention is not limited to these embodiments.

First Embodiment

FIG. 1 is a block diagram illustrating a configuration
example of an SSD (Solid State Drive) 100 that is a memory
system. The SSD 100 is connected to a host device (herein-
after, host) 1, such as a personal computer or a CPU, via a host
interface 2, such as an ATA interface (ATA I/F), and functions
as an external storage device of the host 1. Examples of the
host 1 include a CPU of a personal computer and a CPU of an
imaging device, such as a still camera and a video camera.
The SSD 100 includes the host interface 2, a NAND-type
flash memory (hereinafter, NAND) 10 that is a nonvolatile
semiconductor memory, a RAM 20 that is a semiconductor
memory capable of performing a high-speed access com-
pared with the NAND 10 and performing a random access, a
NAND controller (NANDC) 4, and a controller 30.

The NAND 10 stores therein user data 11 specified by the
host 1 and management information managed in the RAM 20
for backup as a nonvolatile management table 12. The NAND
10 includes a memory cell array in which a plurality of
memory cells is arrayed in a matrix manner, and each memory
cell is capable of performing multi-value recording by using
an upper page and a lower page. The NAND 10 includes a
plurality of memory chips and each memory chip is config-
ured by arraying a plurality of physical blocks such that one
physical block is one unit for data erasing. In the NAND 10,
writing and reading of data is performed in units of physical
pages. A physical block consists of a plurality of physical
pages.

The RAM 20 includes a storage area as a write buffer 25 for
temporarily storing data when the data is written from the host
1 to the NAND 10, a storage area for storing and updating the
management information, such as an address translation table
21 and a block management table 22, and a work area, for
example, for temporarily storing data read from the NAND
10. The management information, such as the address trans-
lation table 21 and the block management table 22, is
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obtained by loading the nonvolatile management table 12
stored in the NAND 10 at the time of activation or the like.

The NAND controller 4 includes a NAND I/F that per-
forms interface processing with the NAND 10, an error cor-
rection circuit, a DMA controller, and the like, and writes data
temporarily stored in the RAM 20 to the NAND 10 and reads
and transfers data stored in the NAND 10 to the RAM 20.

When the host 1 performs reading or writing on the SSD
100, the host 1 inputs an LBA (Logical Block Addressing) as
a logical address to the SSD 100 via the host interface 2. An
LBA is a logical address in which serial numbers starting
from zero are attached to sectors (size: for example, 512 B).In
the present embodiment, as a unit for managing data in the
write buffer 25 and the NAND 10, a management unit called
cluster, which is larger than the sector size and smaller than
the physical block size, is defined. In this embodiment, one
type of management unit called cluster is used, however, it is
possible to add another management unit that is larger than
the cluster size and is equal to or smaller than the block size
and use two types of management unit. In this embodiment,
the cluster size is the same as the page size for simplification.

The controller 30 includes a block managing unit 31 and a
data access unit 32. The data access unit 32 includes a read
control unit 33, a write control unit 34, and an organizing unit
35.

The block managing unit 31 manages the usage state of a
block (whether a block is an active block in use or an unused
free block) and identifies and manages a bad block that cannot
be used as a storage area due to a large number of errors or the
like. The block managing unit 31 notifies the data access unit
32 of a free block or an active block to be used. Moreover, the
block managing unit 31 controls the gear ratio (to be
described later) indicating the operating ratio of writing from
the host 1 to compaction and notifies the data access unit 32 of
this gear ratio.

The data access unit 32 performs read/write control of data
specified from the host 1, organizing (compaction) of the
NAND 10, and the like. The data access unit 32 performs
write control of data specified from the host 1 by using a free
block notified from the block managing unit 31 that is a block
supplying source and performs the compaction by using an
active block (compaction source block) and a free block
(compaction destination block) notified from the block man-
aging unit 31. Furthermore, the data access unit 32 imple-
ments 1:N compaction (to be described later) by performing
writing from the host 1 and the compaction according to the
gear ratio notified from the block managing unit 31.

When a read command and an LBA as a read address are
input from the host 1, the read control unit 33 reads data
corresponding to the LBA from the NAND 10 by referring to
the forward lookup address translation table 21 and transmits
the read data to the host 1.

When a write command, an LBA as a write address, and
write data are input, the write control unit 34 writes data
specified by the LBA to the write buffer 25. When there is no
free space in the write buffer 25, data is flushed from the write
buffer 25 and the flushed data is written in the NAND 10 by
referring to the block management table 22 and the like. In
response to this writing, the address translation table 21, the
block management table 22, and the like are updated.

The organizing unit 35 performs the data organizing (com-
paction) in the NAND 10. The NAND 10 is a memory device
that performs erasing in units of blocks and performs addi-
tional writing in units of pages. Therefore, in the NAND 10,
overwriting cannot be performed and writing is always per-
formed on an unwritten page area on which erasing is per-
formed. When writing is repeated, the number of unused free
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blocks gradually decreases and free blocks that can be newly
used are exhausted at a certain point. Moreover, a block in
which valid data and invalid data are mixed and a block that
includes only invalid data are generated by repeating writing.
Thus, the compaction of collecting valid data from a plurality
of blocks and moving the data to a new free block is per-
formed, whereby a compaction source block becomes an
invalid data area, therefore, the compaction source block can
beused as a free block. A free block can be generated again by
performing the compaction processing, therefore, new data
can be written in the NAND 10.

As shown in FIG. 2, the address translation table 21 man-
aged in the RAM 20 registers therein a correspondence
between a cluster address of an LBA, a storage location
(physical address: for example, block number+intra-block
storage location) in the NAND 10 in which cluster data is
stored, and a data presence/absence flag indicating whether
data is present in the cluster. A cluster address is obtained by
dividing an LBA by the cluster size. The address translation
table 21 can search for a memory device location at which
data corresponding to a logical address is present from the
logical address and functions as a forward lookup table. This
forward lookup address translation table 21 is used for read
processing and the like. Moreover, when the relationship
between a cluster address and a storage location in the NAND
changes as a result of writing of data to the NAND 10, the
address translation table 21 is updated.

As shown in FIG. 3, the block management table 22 man-
aged in the RAM 20 registers therein block used/unused
information indicating whether each block is an active block
or a free block, a bad block flag identifying a bad block that
cannot be used as a storage area due to a large number of
errors or the like, and the like for each block number. A free
block used when writing is performed on the NAND 10 is
selected by using the block management table 22. Moreover,
a free block (compaction destination block) used when the
compaction is performed is selected by using the block man-
agement table 22.

FIG. 4 is a diagram conceptually illustrating block man-
agement in the SSD 100. As described above, blocks are
classified into an active block and a free block. For example,
when data in the same LBA is overwritten, the following
operation is performed. Assume that valid data of the block
size is stored in a logical address A1 and a block B1 is used as
a storage area. When a command to overwrite update data of
the block size in the logical address Al is received from the
host 1, one free block FB (referred to as a block B2) is
reserved and the data received from the host 1 is written in the
free block. Thereafter, the logical address Al is associated
with the block B2. Consequently, the block B2 becomes an
active block and the data stored in the block Bl becomes
invalid, therefore, the block B1 becomes a free block.

Inthis manner, in the SSD 100, even for the data in the same
logical address A1, a block actually used as a recording area
changes every time writing is performed. When update data
of the block size is written, a write destination block always
changes, however, when update data of less than the block
size is written, the update data is written in the same block in
some cases. For example, when page data less than the block
size is updated, old page data in the same logical address in
the block is invalidated and the latest page data, which is
newly written, is managed as a valid page. When all the data
in the block is invalidated, the block is released as a free
block.

In FIG. 4, data from the host 1 is written in a write desti-
nation block (free block). The block in which the data from
the host 1 is written becomes an active block. According to the
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progress of rewriting of the NAND 10, an active block is
released as a free block or released as a free block after
becoming a write source block in the compaction. The free
block is thereafter used as a write destination block for writ-
ing user data from the host 1 or a compaction destination
block for writing data in the compaction.

In the address translation table 21, a forward lookup is
performed in which a storage location of data corresponding
to an LBA in the NAND 10 is looked up on the basis of the
LBA that is a logical address, and this address translation
table 21 is used for read processing and the like. On the other
hand, the processing to look up an LBA that is a logical
address from a storage location of data in the NAND 10 is a
reverse lookup, and this reverse lookup is mainly used when
the compaction is performed. Although a reverse lookup
address translation table may be prepared, a reverse lookup
address translation table uses many storage areas in the
NAND 10 and the RAM 20, therefore, in this embodiment, as
shown in FIG. 5, reverse lookup information GI on cluster
data Dcl is added to the cluster data Dcl and the cluster data
Dcl to which the reverse lookup information GI is added is
stored in the NAND 10.

The reverse lookup information GI includes a logical
address (LBA) of the cluster data Dcl to which the reverse
lookup information is added. The reverse lookup information
Gl may include a valid flag indicating whether the cluster data
Dclis valid or invalid in addition to an LBA, however, in this
case, a valid flag is frequently updated in the NAND 10,
therefore, addition of a valid flag is unrealistic. Thus, in this
embodiment, an explanation is given of a valid/invalid deter-
mination of the cluster data Dcl in the case where the reverse
lookup information GI includes only an L.BA and does not
include a valid flag.

Assume that cluster data G0 having a logical address
LBA=AU0 is written in a position (page) P0 in the NAND 10.
The reverse lookup information GI added to the cluster data
GO has the logical address A0. Next, when LBA=A0 is
updated by different data G1, in the case of the NAND 10, the
data G1 cannot be overwritten in a written physical position,
therefore, this data G1 is written in a physically different
position (page) P1. The reverse lookup information GI added
to the cluster data G1 also has the logical address A0. At this
stage, the data G1 becomes the latest data in the logical
address A0, therefore, the data G0 becomes invalid data and
the data G1 becomes valid data. However, in this case,
because the reverse lookup information GI is set not to have a
valid flag, when only the reverse lookup information
(LBA=A0) added to the data GO and the reverse lookup
information (LBA-A0) added to the data G1 are checked,
each of them only has information indicating that the data is
data in the logical address A0 and it is impossible to identify
that which of them is valid.

Thus, the valid/invalid determination is performed in
which the forward lookup address translation table 21 is
compared with the reverse lookup information GI and it is
determined that cluster data pointing to each other is valid
data and cluster data pointing to only one of them is invalid
data. Specifically, in the case of the compaction, when cluster
data in a block is moved to a different block, invalid data does
not need to be moved and only valid data is moved, therefore,
it is determined whether the cluster data is valid by the valid/
invalid determination. It is sequentially determined whether
each cluster data included in each block as a target for the
compaction is invalid or valid, therefore, first, the reverse
lookup information GI added to cluster data as a target for the
determination is read, an entry in the address translation table
21 that matches a logical address (LBA) to which the reverse
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lookup information GI points is retrieved, and it is determined
whether the forward lookup information in this entry points to
a storage location of the cluster data as a target for the deter-
mination. When the forward lookup information points to the
storage location of the cluster data, it is determined that the
cluster data as a target for the determination is valid. How-
ever, when the forward lookup information points to a difter-
ent storage location, it is determined that the cluster data as a
target for the determination is invalid. Such valid/invalid
determination processing is performed repeatedly on each
cluster data in a block as a target for the compaction, thereby
collecting the necessary number of valid cluster data.

FIG. 6 illustrates the valid/invalid determination relating to
the data GO and the data G1 described above. Because the
reverse lookup information GI added to the cluster data GO
stored in the position PO is LBA=A0, the forward lookup
information included in an entry of LBA=AO in the address
translation table 21 is obtained. This forward lookup infor-
mation indicates that data in the logical address LBA=AO is
present at the position P1, therefore, the comparison result of
the reverse lookup information and the forward lookup infor-
mation is a mismatch and this cluster data GO is determined
invalid. Because the reverse lookup information GI added to
the cluster data G1 stored in the position P1is LBA=A0, in a
similar manner, the forward lookup information included in
an entry of LBA=AO0 in the address translation table 21 is
obtained. This forward lookup information indicates that data
in the logical address LBA=AO is present at the position P1,
therefore, the comparison result of the reverse lookup infor-
mation and the forward lookup information is a match and
this cluster data G0 is determined valid.

In this manner, the reverse lookup information GI on clus-
ter data as a target for reading needs to be read from the
NAND 10 for performing the valid/invalid determination.
Moreover, it is needed to compare the reverse lookup infor-
mation GI with the forward lookup address translation table
21, therefore, a predetermined processing time is required. In
other words, even if actual data movement (reading and writ-
ing) in the compaction processing of moving cluster datato a
different block does not occur, a predetermined processing
time is required for repeatedly performing the valid/invalid
determination. When cluster data as a target for the determi-
nation is valid data, writing to a compaction destination block
occurs, however, when cluster data as a target for the deter-
mination is invalid data, writing to a compaction destination
block does not occur.

When there are many free blocks, the compaction does not
need to be performed, however, when the number of free
blocks decreases after a certain amount of writing is per-
formed, the compaction needs to be performed. If a free block
is generated by the compaction after the number of free
blocks decreases and there are few free blocks, the response to
a write command from the host 1 degrades. This is because,
first, the processing time is required for generating a free
block by the compaction and writing of data from the host 1
can be performed when a free block is prepared after the lapse
of the processing time.

Thus, in order to prevent extreme reduction of the response
speed to a write command, the present embodiment applies a
method of causing to perform writing of data from the host 1
and writing due to the compaction at a constant proportion
(ratio). The method of performing writing due to the compac-
tion on N blocks (N pages) for writing of data from the host 1
for one block (one page) is defined as the compaction with the
gear ratio of 1:N.

A write destination block of host data is referred to as
HostDst, a compaction destination block is referred to as
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CmpDst, and a compaction source block is referred to as
CmpSre. N pages of data are written to the CmpDst for one
page of data writing to the HostDst, thereby performing the
1:N compaction. The term for writing one block of data to the
HostDst is referred to as a compaction term. In the present
embodiment, because the page size is equal to the cluster size,
N pieces of cluster data are written to the CmpDst for one
piece of cluster data writing to the HostDst, thereby perform-
ing the 1:N compaction.

When there is a sufficient number of free blocks equal to or
larger than a fixed number among all the blocks, the compac-
tion does not need to be performed and only writing to the
HostDst is performed. This is referred to as 1:0 compaction.
Normally, the compaction is started from the 1:0 compaction
and 1:1 or 1:2 compaction is performed after the number of
free blocks decreases and the number of active blocks
increases. If the compaction needs to be performed more
frequently, for example, in a case where the number of free
blocks is small, N in 1:N is increased. However, in the 1:N
compaction in which N is large, when the next free block
cannot be reserved in the compaction even if writing of host
data to all the pages in the block HostDst is finished, that is,
when sufficient free blocks cannot be generated in the com-
paction processing and reserving the write destination block
HostDst for host data is forced to wait, the gear ratio becomes
0:1, therefore, writing from the host 1 is temporarily sus-
pended and only the compaction processing is performed. In
this manner, writing of data from the host 1 and writing due to
the compaction can be performed while balancing them by
changing the gear ratio. For example, the gear ratio is deter-
mined from the ratio of free blocks to active blocks.

The gear ratio is controlled by the block managing unit 31
that is a block supplying source. The data access unit 32 that
is a block request source only performs a write operation (the
write control unit 34) of data from the host 1 and the com-
paction operation (the organizing unit 35) according to the
gear ratio provided from the block managing unit 31 and does
not have responsibility for the compaction result (such as the
number of free blocks that can be generated) of the organizing
unit 35. Consequently, the data access unit 32 can be imple-
mented with hardware or software that performs only simple
operation processing.

FIG. 7 illustrates the compaction with the gear ratio of 1:3.
In FIG. 7, the compaction of generating one free block is
performed by moving valid cluster data in the compaction
source blocks CmpSrc that are four active blocks to the com-
paction destination blocks CmpDst that are three free blocks.
In this case, because the 1:3 compaction is performed, writing
due to the compaction is performed on the three blocks Cmp-
Dst for writing of data from the host 1 to one block HostDst.

FIG. 8 illustrates the 1:N compaction procedure by a first
comparison example. First, one page of write data from the
host 1 is written in the block HostDst (Step S100). Next, one
page of data in the compaction source block CmpSrc is read
(Step S110) and the above-described valid/invalid determi-
nation of data is performed (Step S120). When the data is
invalid (No in Step S130), data on the next page in the com-
paction source block CmpSrc is read (Step S110) and there-
after, a similar valid/invalid determination is performed (Step
S120). In this manner, the valid/invalid determination is per-
formed until valid data is found. When valid data is found
(Yes in Step S130), this valid data is written in the compaction
destination block CmpDst (Step S140).

Next, it is determined whether writing to the compaction
destination block CmpDst has been repeated N times (Step
S150). When writing to the compaction destination block
CmpDst has not been repeated N times, the procedure moves
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to Step S110. In this manner, the valid/invalid determination
of data and data writing to the compaction destination block
CmpDst are repeated until writing to the compaction desti-
nation block CmpDst is performed N times. Then, when
writing to the compaction destination block CmpDst is per-
formed N times, it is determined whether the 1:N compaction
procedure relating to the current host data is finished (Step
S160). When the 1:N compaction procedure is not finished,
the procedure moves to Step S100 and then, write data from
the host 1 is written in the block HostDst for the next page.
Such processing is repeated. In Step S160, when it is deter-
mined that the 1:N compaction procedure relating to the
current host data is finished, the 1:N compaction procedure
relating to the current host data is finished.

In this manner, basically, one page writing to the block
HostDst and writing of N pages of valid data to the compac-
tion destination block CmpDst are alternately performed.

However, in the compaction processing, the state of the
progress of writing changes depending on not only the state of
the compaction destination block CmpDst (such as the num-
ber of free blocks) described above but also the state of the
compaction source block CmpSrc. In the first comparison
example shown in FIG. 8, when the compaction source block
CmpSrcis filled with valid data, a valid determination is made
frequently in the valid/invalid determination in Steps S120
and S130, therefore, writing to the compaction destination
block CmpDst (Step S140) is performed frequently. How-
ever, in the first comparison example, as shown in FIG. 9,
when the compaction source block CmpSrc is filled with
invalid data and valid data is present only near the last page,
the valid/invalid determination processing from Steps S110
to S130 continues in a loop until valid data is found.

The compaction processing is performed for reserving a
free block by organizing valid data and creating an invalid
data area by filling a free block with valid data. Therefore,
moving data from a block filled with valid data has no effect
of reserving an area. Rather, as described above, it is more
efficient that the compaction source block CmpSrc includes
many invalid data areas for reserving many free blocks.

In the first comparison example, if writing to the compac-
tion destination block CmpDst in Step S140 does not
progress, writing of host data to the block HostDst also does
not progress, therefore, the response to a write command is
delayed from the standpoint of the host 1. In this manner,
although it is more efficient that the compaction source block
CmpSrc includes many invalid data for generating a free
block, the method of the first comparison example has a
problem in that when many invalid data is present in the
compaction source block CmpSrc, the response speed to a
write command decreases.

Thus, in the present embodiment, in the valid/invalid deter-
mination processing, if an invalid determination is made con-
tinuously a predetermined number K of times or more, the
processing is caused to exit the loop (Steps S110 to S130) of
the valid/invalid determination processing, thereby prevent-
ing extreme reduction of the response speed to a write com-
mand.

FIG. 10 illustrates the 1:N compaction procedure in the
present embodiment. In FIG. 10, the procedures in Steps
S131 and S132 are added to the flowchart in FIG. 8. The block
managing unit 31 determines the gear ratio N, for example,
from the ratio of the number of current free blocks to the
number of current active blocks and provides this gear ratio N
to the data access unit 32. Moreover, the block managing unit
31 determines the upper limit number K of invalid determi-
nations to be described later and provide this upper limit
number K to the data access unit 32. The data access unit 32
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notifies the write control unit 34 and the organizing unit 35
under the management thereof of the provided gear ratio N.
Moreover, the data access unit 32 notifies the organizing unit
35 of the provided upper limit number K. The write control
unit 34 and the organizing unit 35 perform the above-de-
scribed 1:N compaction according to the provided gear ratio
N while alternately switching a write permission to the
NAND 10.

First, the write control unit 34 writes one page (=one clus-
ter) of write data from the host 1 to the block HostDst (Step
S100). When write processing for one page is finished, the
write control unit 34 gives a write permission to the NAND 10
to the organizing unit 35.

The organizing unit 35 reads one page of data in the com-
paction source block CmpSrc that is one of the organizing
target blocks (Step S110) and performs the valid/invalid
determination on the one page of data (Step S120). When this
data is valid (Yes in Step S130), the organizing unit 35 writes
this valid data to the compaction destination block CmpDst
(Step S140). However, when the organizing unit 35 deter-
mines that this data is invalid (No in Step S130), the organiz-
ing unit 35 determines whether the invalid determination in
Step S130 has been repeated the predetermined number of
times K or more (Step S131). When the determination in Step
S131 is No, the organizing unit 35 moves the procedure to
Step S110 and reads data on the next page in the compaction
source block CmpSrc. Thereafter, the organizing unit 35 per-
forms a similar valid/invalid determination (Step S120). In
this manner, the organizing unit 35 performs the valid/invalid
determination until valid data is found by repeating the loop
of Steps S130, S131, S110, and S120 at most K-1 times.
When valid data is found, this one page of valid data is written
in the compaction destination block CmpDst by the organiz-
ing unit 35 (Step S140).

However, when the loop of Steps S130, S131, S110, and
S120 is repeated, if the organizing unit 35 determines that the
invalid determination in Step S130 has been repeated the
predetermined number of times K or more in Step S131, the
organizing unit 35 writes one page of invalid dummy data to
the compaction destination block CmpDst as shown in FIG.
11 (Step S132). Invalid dummy data may be any data as long
as the invalid dummy data includes an invalid flag for identi-
fying that the data is invalid. The determination in Step S131
can be implemented by a counter that is cleared when the
invalid determination result is obtained continuously for K
pages or when even one page of valid data is written in the
compaction destination block CmpDst.

Next, the organizing unit 35 determines whether one page
writing to the compaction destination block CmpDst is
repeated N times (Step S150). When the number of times
writing is performed on the compaction destination block
CmpDst is counted, writing of invalid dummy data in Step
S132 is also counted as one writing. When writing to the
compaction destination block CmpDst has not been repeated
N times, the procedure moves to Step S110. In this manner,
the valid/invalid determination of data and writing of valid
data or invalid dummy data to the compaction destination
block CmpDst are repeated until writing to the compaction
destination block CmpDst is performed N times.

Then, when writing to the compaction destination block
CmpDst is performed N times, the organizing unit 35 deter-
mines whether the 1:N compaction procedure relating to the
current host data is finished (Step S160). When it is not
finished, the organizing unit 35 gives a write permission to the
NAND 10 to the write control unit 34. As a result, the proce-
dure moves to Step S100 and then, write data from the host 1
is written in the block HostDst for the next one page by the
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write control unit 34. Such processing is repeated. In Step
S160, when it is determined that the 1:N compaction proce-
dure relating to the current host data is finished, the 1:N
compaction procedure relating to the current host data is
finished.

In this manner, basically, one page writing to the block
HostDst and writing of N pages of valid data or invalid
dummy data to the compaction destination block CmpDst are
alternately performed according to the gear ratio.

In the present embodiment, as shown in FIG. 11, when the
invalid determination result is obtained continuously for K
pages, invalid dummy data is written in the compaction des-
tination block CmpDst, therefore, the gear ratio in the com-
paction term substantially changes, however, it is possible to
maintain the progress ratio of writing to the block HostDst for
writing host data to writing to a compaction destination block.

In the present embodiment, the write control unit 34 per-
forms writing of data from the host 1 and the organizing unit
35 performs the overall compaction processing, however, it is
desirable to divide the functions in such a way that the orga-
nizing unit 35 reads data from a compaction source block and
performs the invalid determination processing on the read
data and the write control unit 34 performs writing of data
from the host 1 and writing of data to a compaction destina-
tion block. When the functions are divided in such a manner,
in the present embodiment, the following advantages are
obtained. In the present embodiment, when the invalid deter-
mination result is obtained continuously for K pages, the
function of writing invalid dummy data to the compaction
destination block CmpDst without skipping writing to the
compaction destination block CmpDst is added to the first
comparison example, and this function addition requires only
a function addition to the organizing unit 35 but does not
require a function change in the write control unit 34. In other
words, when writing to the compaction destination block
CmpDst is skipped, a function change in the write control unit
34 is needed, however, when invalid dummy data is written in
the compaction destination block CmpDst, a function change
in the write control unit 34 is not needed by passing invalid
dummy data from the organizing unit 35 to the write control
unit 34, therefore, the write control unit 34 can devote to write
processing without knowing the data content.

Moreover, when the invalid determination result is
obtained continuously for K pages, invalid dummy data is
written, therefore, when data is read for performing the com-
paction again, the processing time for the valid/invalid deter-
mination is reduced.

In this manner, in the present embodiment, in the valid/
invalid determination processing of data in a compaction
source block, when the invalid determination result is
obtained continuously for K pages, the current valid/invalid
determination processing is caused to end and invalid dummy
data is written in the compaction destination block CmpDst,
therefore, the response speed to a write command can be
prevented from extremely decreasing while maintaining the
gear ratio. In other words, in the present embodiment, it is
possible to set the upper limit of the response delay to a write
command by setting the upper limit K, therefore, itis possible
to prevent that the compaction continues operating endlessly
in the case of falling into a situation where a free block cannot
be generated even after the lapse of a long time.

In the present embodiment, when the invalid determination
result is obtained continuously for K pages, invalid dummy
data is written in the compaction destination block CmpDst,
however, writing to the compaction destination block Cmp-
Dst may be simply skipped.
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Moreover, in the SSD capable of recording in the multi-
value recording (MLC: Multi-Level Cell) mode and the
binary recording (SLC: Single-Level Cell) mode, high-speed
writing can be performed in the SLC mode compared with the
MLC mode, therefore, writing of data from the host may be
performed in the SLC mode and writing to a compaction
destination block may be performed in the ML.C mode. In this
method, first, the compaction is performed in which a block in
the SLC mode is set as a compaction source block and writing
in the MLLC mode is performed on a compaction destination
block. Then, when a sufficient number of free blocks cannot
be reserved, next, the compaction is performed in which a
block in the MLC mode is set as a compaction source block
and writing in the MLC mode is performed on a compaction
destination block.

Moreover, in the present embodiment, the reverse lookup
information GI only includes alogical address (LBA) of data,
however, the reverse lookup information GI may include a
valid flag indicating whether data is valid or invalid. More-
over, in the present embodiment, the reverse lookup informa-
tion Gl is added to data, however, a table managing the reverse
lookup information may be prepared and a reverse lookup
may be performed by using this reverse lookup management
table. Moreover, when the cluster size is defined smaller than
the page size, the reverse lookup information on cluster data
in a page may be collectively stored in a predetermined clus-
ter in the page.

Moreover, in the flowchart shown in FIG. 10, data writing
(S100, S132, and S140) and data reading (S110) in units of
pages are performed for simplification, however, the unit for
writing and reading is not limited to a page and may be a
cluster (page size=cluster size) or may be another unit.

Moreover, when the compaction with the gear ratio of 1:N
is performed, if the processing time for the compaction is
measured and the compaction processing time becomes equal
to or more than a threshold Ta, the compaction processing
may be forcibly interrupted and writing of data from the host
1 may be performed. With such a control also, the response
speed to a write command can be prevented from extremely
decreasing.

Second Embodiment

The valid/invalid determination processing described in
the first embodiment will be explained in detail in the present
embodiment. Prior to the explanation, a second comparison
example will be explained for comparison with the present
embodiment.

FIG. 12 illustrates the configuration of a memory system
110 in the second comparison example. The memory system
110 includes the host interface 2, a controller 3, the NAND
controller 4, a NAND flash memory 5 (nonvolatile memory),
and a memory 6 (volatile memory) composed of a RAM or
the like. The memory system 110 is connected to the host
device 1 via the host interface 2. In the compaction process-
ing, it is needed to determine whether movement source data
is valid data or invalid data. Valid data is data associated with
a host address and invalid data is data that is not associated
with a host address. In the second comparison example, a
reverse lookup address translation table (translation table
from NAND address (physical address) into host address:
Reverse Lookup Table), which indicates a host address that
dataina NAND block included in the NAND flash memory 5
belongs to or indicates that the data is invalid data, is used. A
reverse lookup address translation table 52 is stored in the
NAND flash memory 5, and, when the memory system 110 is
operated, only part of the reverse lookup address translation
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table 52 is loaded into the memory 6 as a reverse lookup
address translation table (part) 62 having the same content as
the reverse lookup address translation table 52. Reverse-
lookup-address-translation-table storage location informa-
tion (table pointer) 60 is also loaded into the memory 6 and
part of the reverse lookup address translation table 52 is
loaded into the memory 6 when needed by using the reverse-
lookup-address-translation-table storage location informa-
tion 60 and is used as the reverse lookup address translation
table (part) 62.

An example of the reverse lookup address translation table
is illustrated as a reverse lookup address translation table (B)
in FIG. 13. When user data recorded in a NAND address is
valid data, a corresponding host address is present in the
reverse lookup address translation table (B). For example, a
host address M corresponds to a NAND address X and a host
address N corresponds to a NAND address Y. When user data
movement occurs due to new writing and the compaction,
user data in a NAND address of a movement source becomes
invalid, therefore, a value (invalid value) indicating invalidity
is input to ahost address corresponding to the NAND address.
Inthe example of the reverse lookup address translation table
(B) in FIG. 13, an invalid value is input to a host address
corresponding to a NAND address 7.

When the compaction is performed, it is possible to deter-
mine whether data in a NAND block is valid data or invalid
data by using this reverse lookup address translation table.
For reading host data, a forward lookup address translation
table (translation table from host address into NAND address:
Lookup Table) (A), which refers to an address in a NAND
block from a host address, is needed (FIG. 13). A forward
lookup address translation table 51 is also stored in the
NAND flash memory 5, and, when the memory system 110 is
operated, a forward lookup address translation table 61 hav-
ing the same content is loaded into the memory 6. The for-
ward lookup address translation tables 61 and 51 need to be
updated to point to a NAND address of a movement destina-
tion after overwriting of data to the same host address or the
compaction processing.

In the second comparison example, a case where user data
is overwritten to the host addresses N and M shown in FIG. 13
will be explained below with reference to the flowchart in
FIG. 14 and FIG. 15.

First, in Step S101 in FIG. 14, the reverse lookup address
translation table (B) (FIG. 13) of an overwrite source is
loaded into the memory 6 from the NAND flash memory 5.
Next, in Step S102, a reverse lookup address translation table
(C) of an overwrite destination is loaded into the memory 6
from the NAND flash memory 5. In this embodiment, when
the reverse lookup address translation tables (B) and (C) are
not used, they are made nonvolatile (state where they are
stored in the NAND flash memory 5 and are not present in the
memory 6). Moreover, assume that an invalid value is written
in the host addresses corresponding to NAND addresses P
and Q of the reverse lookup address translation table (C). In
other words, the addresses P and Q do not have corresponding
host addresses and are writable addresses. A case where new
user data is overwritten in the host addresses N and M will be
considered as an example of updating the forward and reverse
lookup address translation tables. New user data to be written
in the addresses N and M is written in the NAND addresses Q
and P, respectively (Step S103).

Next, an invalid value is written in the host addresses
corresponding to the NAND addresses X and Y in the reverse
lookup address translation table (B) in FIG. 13 (Step S104).
Consequently, the reverse lookup address translation table
(B) becomes as shown in FIG. 15. Furthermore, as shown in
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FIG. 15, the addresses M and N are newly written in the host
addresses corresponding to the NAND addresses P and Q in
the reverse lookup address translation table (C) (Step S105).
Then, as shown in FIG. 15, the forward lookup address trans-
lation table (A) is updated by writing the new NAND
addresses Q and P in which user data is written in the NAND
addresses corresponding to the host addresses M and N in the
forward lookup address translation table (A) in FIG. 13 (Step
S106). The forward lookup address translation table (A) may
also be loaded into the memory 6 when needed. These for-
ward and reverse lookup address translation tables are
updated in the memory 6 and thereafter, the reverse lookup
address translation table (B) is stored in the NAND flash
memory 5 (Step S107) and the reverse lookup address trans-
lation table (C) is stored in the NAND flash memory 5 (Step
S108). When the reverse lookup address translation table (C)
is continuously used, the information thereon may be left in
the memory 6. In the case of the compaction, data written in
the address X is copied to the NAND address P and data
written in the address Y is copied to the NAND address Q,
which is different from above, however, an invalid value
needs to be written in the host addresses corresponding to the
addresses X and Y in a similar manner to the above.

As above, in the second comparison example, whether data
in the NAND flash memory 5 is valid data or invalid data is
determined on the basis of the reverse lookup address trans-
lation table. In this case, when data movement due to over-
writing of data or the compaction occurs and user data needs
to be invalidated, it is needed to input a value (invalid value)
indicating that a host address is invalid to the host address
corresponding to a NAND address of original data in the
reverse lookup address translation table. The write amplifi-
cation factor decreases due to this processing. The write
amplification factor indicates a ratio of the amount of data
actually written to the NAND device to the amount of data
written to the host device 1. Moreover, conventionally, the
forward and reverse lookup address translation tables are all
loaded into the memory 6, however, there is a problem in that
a large memory size is needed. For solving this problem, for
example, in this second comparison example, the reverse
lookup address translation table is made nonvolatile in the
NAND flash memory 5. In other words, when the reverse
lookup address translation table is needed, such as in the case
of the compaction processing, a required part of the reverse
lookup address translation table 52 that is made nonvolatile in
the NAND flash memory 5 is loaded into the memory 6 and is
used as the reverse lookup address translation table (part) 62.
Furthermore, in order to recognize the position at which the
necessary part of the reverse lookup address translation table
is stored, storage location information (table pointer) on the
reverse lookup address translation table is stored in the
memory 6. In this case also, for updating the reverse lookup
address translation table that is made nonvolatile, the reverse
lookup address translation table that is made nonvolatile
needs to be read, updated, and made nonvolatile again (stor-
ing in the NAND flash memory 5), therefore, there is a prob-
lem in that the overhead becomes large. Moreover, there is a
problem in that the reverse lookup address translation table is
made nonvolatile frequently and therefore the write amplifi-
cation factor to the NAND flash memory 5 decreases.

FIG. 16 illustrates the configuration of a memory system
200 according to the second embodiment. The memory sys-
tem 200 includes the host interface 2, the controller 3, the
NAND controller 4, the NAND flash memory 5 (nonvolatile
memory), and the memory 6 (volatile memory) composed of
a RAM or the like. The memory system 200 is connected to
the host device 1 via the host interface 2. The controller 3
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includes a compaction control unit 39 that controls the com-
paction processing in addition to a write control unit 38, and
the compaction control unit 39 includes an address-transla-
tion-table comparing unit 37. The NAND flash memory 5
(nonvolatile memory) stores the forward lookup address
translation table 51 (translation table from host address into
NAND address (physical address): Lookup Table), the
reverse lookup address translation table 52 (translation table
from NAND address into host address: Reverse Lookup
Table), and storage location information (table pointer) 50 on
the reverse lookup address translation table 52. The address-
translation-table comparing unit 37 determines whether user
data is valid data or invalid data in the compaction processing
by using both the reverse lookup address translation table 62
and the forward lookup address translation table 61 in the
memory 6. Reverse-lookup-address-translation-table storage
location information (table pointer) 60 is also loaded into the
memory 6 and part of the reverse lookup address translation
table 52 is loaded into the memory 6 when needed by using
the reverse-lookup-address-translation-table storage location
information 60 as described later and is used as the reverse
lookup address translation table (part) 62.

The procedure of determining whether data is valid data or
invalid data by the address-translation-table comparing unit
37 will be explained with reference to FIG. 17 and the flow-
chart in FIG. 18. An explanation is given of a case of deter-
mining whether data in the NAND address X in the reverse
lookup address translation table (B) in FIG. 17 is valid or
invalid as an example. First, the host address M correspond-
ing to the NAND address X in the reverse lookup address
translation table (B) is obtained (Step S201 in F1G. 18). Next,
the NAND address X' (X in FIG. 17) corresponding to the
host address M is obtained from the forward lookup address
translation table (A) in FIG. 17 (Step S202). Then, it is deter-
mined whether the data in the NAND address X is valid or
invalid on the basis of whether the NAND address X is equal
to the NAND address X'. In other words, when the NAND
address X is equal to the NAND address X' (Yes in Step
S203), it is determined that valid data is present in the NAND
address X (Step S204). On the other hand, when the NAND
address X is not equal to the NAND address X' (No in Step
S203), data in the NAND address X is invalid data (Step
S205). In the case of the NAND address X in FIG. 17, X'=X
is obtained in Step S202, therefore, it is determined that valid
data is present in the NAND address X in Step S203. In a
similar manner, it is determined that valid data is present also
in the NAND address Y in FIG. 17. On the other hand, for the
NAND address Z in FIG. 17, the NAND address X different
from the NAND address Z is obtained in Step S202 from the
host address M obtained in Step S201. Accordingly, it is
determined in Step S203 that data in the NAND address Z is
invalid data.

The procedure of the compaction processing using deter-
mination of valid/invalid data described above will be
explained with reference to the flowchart in FIG. 19. The
compaction processing is performed when the number of free
blocks becomes small, and, in the following, a case where the
compaction processing is performed when the requirements
are met will be explained. First, a block in the NAND flash
memory 5 as a compaction source is selected (Step S301).
Next, the reverse lookup address translation table 52 present
in units of blocks is read to the memory 6 from the NAND
flash memory 5 by using the reverse-lookup-address-transla-
tion-table storage location information (table pointer) 60. The
reverse lookup address translation table 62 for the block
selected in Step S301 is loaded into the memory 6. Then, it is
determined whether data is valid or invalid for each NAND
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address on the basis of this reverse lookup address translation
table 62 and the forward lookup address translation table 61
loaded in the memory 6 (Step S302). The determination in
Step S302 is performed on the basis of the flowchart in FIG.
18 described above. The data in the NAND address deter-
mined as valid data in Step S302 (Yes in Step S302) is copied
to a compaction destination block (Step S303). The host
address of the copied data is written in a host address in the
reverse lookup address translation table 62 of the compaction
destination block. This state will be explained with reference
to FIG. 17 and FIG. 20. For example, assume that the reverse
lookup address translation table (B) in FIG. 17 is a reverse
lookup address translation table of a compaction source.
Because it is determined in Step S302 that valid data is
present in the NAND addresses X and Y, in Step S303, valid
data in the NAND addresses X and Y is copied to the NAND
addresses P and Q of the compaction destination block.
Accordingly, in the host addresses corresponding to the
NAND addresses P and Q in the reverse lookup address
translation table (C) in FIG. 20, the host addresses M and N
corresponding to the NAND addresses X and Y in the reverse
lookup address translation table (B) are written.

In Step S302, when it is determined that data is invalid data
(No in Step S302), it is determined whether a NAND address
next to the determined NAND address is present (Step S305).
In this case, when there is no NAND address in the same
block, it is checked whether a different block (NAND address
thereof) to be a compaction source is present. When the next
NAND address is present (Yes in Step S305), the procedure
moves to the next NAND address (Step S306) and it is deter-
mined whether data is valid or invalid (Step S302). In Step
S305, when the valid/invalid determination is finished for all
the data in the NAND addresses in a block that is a compac-
tion source, the next NAND address is not present (No in Step
S305), therefore, the procedure returns to Step S301 and a
block in the NAND flash memory 5 to be a compaction source
is selected again.

After Step S303, in Step S304, it is determined whether the
necessary number of free blocks can be reserved by the com-
paction. When the necessary number of free blocks cannot be
reserved (No in Step S304), the procedure moves to Step
S305. When the necessary number of free blocks can be
reserved (Yes in Step S304), the compaction processing ends.

Inthe compaction processing in the present embodiment, it
is determined whether user data is valid data or invalid data by
using both the reverse lookup address translation table 62 and
the forward lookup address translation table 61 on the basis of
the flowchart in FIG. 18, therefore, for example, the reverse
lookup address translation table (B) in FIG. 17 does not need
to be updated and made nonvolatile again (written to the
NAND flash memory 5), enabling the write amplification
factor in the compaction processing to improve.

In the present embodiment, a case where user data is over-
written in the host addresses N and M shown in FIG. 17 will
be explained below with reference to the flowchart in FIG. 21
and FIG. 20.

First, the reverse lookup address translation table (C) of an
overwrite destination is loaded into the memory 6 from the
NAND flash memory 5 in Step S401 in FIG. 21. In this
embodiment, when the reverse lookup address translation
table (C) is not used, the table is made nonvolatile. Moreover,
assume that an invalid value is written in the host addresses
corresponding to the NAND addresses P and Q in the reverse
lookup address translation table (C). It is sufficient that an
invalid value is written upon initialization and when a free
block is generated in the compaction processing described
above. In other words, the addresses P and Q do not have
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corresponding host addresses and are writable addresses. A
case where new user data is overwritten in the host addresses
N and M will be considered as an example of updating the
forward and reverse lookup address translation tables. New
user data to be written in the addresses N and M is written in
the NAND addresses Q and P, respectively (Step S402).

Next, as shown in FIG. 20, the addresses M and N are
newly written in the host addresses corresponding to the
NAND addresses P and Q in the reverse lookup address
translation table (C) (Step S403). Then, as shown in FIG. 20,
the forward lookup address translation table (A) is updated by
writing the new NAND addresses Q and P in which user data
is newly written in the NAND addresses corresponding to the
host addresses M and N in the forward lookup address trans-
lation table (A) in FIG. 17 (Step S404). The forward lookup
address translation table (A) may also be loaded into the
memory 6 when needed. These forward and reverse lookup
address translation tables are updated in the memory 6 and
thereafter, the reverse lookup address translation table (C) is
stored in the NAND flash memory 5 (Step S405). When the
reverse lookup address translation table (C) is continuously
used, the information thereon may be left in the memory 6. In
the case of the compaction, new data is not written in the
NAND address P but data written in the address X is copied to
the NAND address P and new data is not written in the NAND
address QQ but data written in the address Y is copied to the
NAND address Q, which is different from above.

When the flowchart of overwriting in the present embodi-
ment explained above is compared with the flowchart in FIG.
14 in the second comparison example, loading of the reverse
lookup address translation table (B) into the memory 6 (Step
S101), writing of an invalid value to a host address in the
reverse lookup address translation table (B) (Step S104), and
storing of the reverse lookup address translation table (B) in
the NAND flash memory 5 (Step S107) are not needed, there-
fore, it is found that the write amplification factor can be
improved also in overwriting.

As explained above, in the present embodiment, it is not
needed to load all the reverse lookup address translation
tables that are needed when the compaction processing is
performed into the memory, therefore, the overhead can be
reduced and the write amplification factor can be improved
while reducing the memory usage. In other words, when data
is invalidated due to overwriting of user data and the compac-
tion, it is not needed to update the reverse lookup address
translation table by inputting an invalid value. Thus, even if
the reverse lookup address translation table is made nonvola-
tile, it is not needed to update the reverse lookup address
translation table including a NAND address to be invalidated
and make the reverse lookup address translation table non-
volatile again. Moreover, it is also not needed to read the
reverse lookup address translation table including a NAND
address to be invalidated when overwriting is performed from
a nonvolatile memory.

Third Embodiment

Inan SSD in which the above-described compaction opera-
tion is performed, the compaction occurs frequently depend-
ing on an access pattern, which may degrade the performance.
In the following embodiment, an explanation is given of a
control method of a memory system that solves this problem
by having a simple and lightweight access pattern predictive
function.

In an SSD (Solid State Drive), when a data erasing unit
(block) is different from a data management unit, according
to the progress of rewriting of a flash memory, blocks are
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made porous due to invalid (non-latest) data. When blocks in
such a porous state increase, substantially usable blocks
decrease and a storage area of the flash memory cannot be
effectively used. Therefore, for example, when the number of
free blocks (block which does not include valid data therein
and for which a use is not allocated) of the flash memory
becomes less than a predetermined threshold, the flash
memory is organized, for example, by performing the com-
paction of collecting valid latest data and rewriting the data in
a different block, thereby reserving a free block for which a
use is not allocated.

When the compaction occurs, original processing of an
SSD, such as writing data from a host and reading data speci-
fied from a host, is affected and the performance of the SSD
degrades. Therefore, it is desirable that the compaction is less
apt to occur.

In an SSD capable of recording in the SLC mode and the
MLC mode, when data from a host is written in the SLC
mode, writing can be performed at high speed, however, ifthe
compaction occurs, writing of data from the host and writing
in the compaction occur in parallel, therefore, the write speed
of the SSD decreases in some cases.

In normal use by a PC user, the write address range to the
SSD is limited, therefore, writing is completed by the record-
ing in the SL.C mode in most cases and the compaction does
not occur. Thus, the write speed ofthe SSD does not decrease.

On the other hand, in the case of applications for use of, for
example, performing a sequential write (basically, writing to
sequential LBA addresses) on the entire flash memory of the
SSD, when data from the host is written in the flash memory
in the SLC mode, if a four-value MLC mode is used, blocks
are depleted when writing is performed on the flash memory
to approximately a half of the capacity in terms of the MLC
mode. This is because the capacity of the SSD is determined
on the assumption that writing is performed in the MLC
mode. Thereafter, the compaction processing of rewriting
data, which is already written in a block in the SLC mode, in
the MLLC mode continues in parallel with writing from the
host.

At this time, if the amount of data written from the host is
one, the amount of data written in the SLC mode is two (half
of the amount of data written in the MLLC mode) and the
amount of data rewritten in the MLL.C mode in the compaction
processing is one, therefore, totally, three data writings occur
in a flash memory and thus the write amplification factor
becomes three. The write amplification factor is statistics of
the amount of erasing in a block with respect to the amount of
data written from the host in a predetermined term and a flash
memory having a lower write amplification factor has a lower
wear degree.

Moreover, in applications for use, for example, in indus-
trial equipment (for example, digital video recorder) in which
areal time performance is required, there is a problem in that
a drive whose performance varies depending on whether the
compaction is performed is hard to use.

Thus, in the present embodiment, a write pattern, such as a
sequential write, is predicted, and, when it is predicted that a
write pattern is a sequential write, data is written in the ML.C
mode so that the compaction is less apt to occur. If the pre-
diction processing of a write pattern is complicated, the pre-
diction processing becomes an overhead and the basic per-
formance degrades, therefore, the present embodiment uses a
simple and lightweight prediction method on the basis of the
empirical rule. Other than a sequential write, even in an
access pattern in which writing in a narrow address range in a
drive is performed a plurality of timers in the short term, the
address range to be accessed is sequentially moved, and writ-
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ing is performed over the entire drive in the long term, if
writing is performed in the MLC mode, the compaction
becomes hard to occur, therefore, the present embodiment
also enables such a pattern to be predicted.

FIG. 22 is a block diagram illustrating a configuration
example of an SSD (Solid State Drive) 120 that is a memory
system. The SSD 120 is connected to the host device (here-
inafter, host) 1, such as a personal computer or a CPU, via the
host interface 2, such as an ATA interface (ATA I/F), and
functions as an external storage device of the host 1.
Examples of the host 1 include a personal computer and a
CPU of an imaging device, such as a still camera and a video
camera. The SSD 120 includes the host interface 2, the
NAND-type flash memory (hereinafter, NAND) 10 that is a
nonvolatile semiconductor memory, the RAM 20 that is a
semiconductor memory capable of performing a high-speed
access compared with the NAND 10, and the controller 30.

The NAND 10 stores therein user data specified by the host
1 and management information managed in the RAM 20 for
backup. The NAND 10 includes a memory cell array in which
aplurality of memory cells is arrayed in a matrix manner. The
NAND 10 includes a plurality of memory chips and each
memory chip is configured by arraying a plurality of blocks
such that one block is one unit for data erasing. In the NAND
10, writing and reading of data is performed for each page. A
block consists of a plurality of pages. The NAND 10 is a flash
memory capable of switching the data writing operation
mode to any of the SLC mode and the MLL.C mode. In other
words, writing can be performed on a block in the SLC mode
and in the MLC mode.

The RAM 20 includes a storage area as the write buffer 25
for temporarily storing data when the data is written from the
host 1 to the NAND 10, a storage area for storing and updating
the management information stored in the NAND 10 in a
nonvolatile manner, and a work area, for example, for tem-
porarily storing data read from the NAND 10.

When the host 1 performs data writing on the SSD 120, the
host 1 inputs a write command including an LBA (Logical
Block Addressing) as a logical address and the data size and
write data to the SSD 120 via the host interface 2. An LBA is
a logical address in which serial numbers starting from zero
are attached to sectors (size: for example, 512 B) and indi-
cates a top address of data. The data size indicates the number
of'sectors. In the present embodiment, as a unit for managing
data in the write buffer 25 and the NAND 10, a management
unit, which is larger than the sector size and is smaller than the
physical block size, is used. The management unit is different
from the block size, therefore, the above-described compac-
tion is needed as the progress of rewriting of the NAND 10.

The controller 30 includes a command determining unit
310, a counter 320, an SLC/MLC determining unit 330, a
block supplying unit 340, the organizing unit 35, and a write
control unit 36 as components relating to the present embodi-
ment.

The command determining unit 310 analyzes a command
received from the host 1 and updates the counter 320 on the
basis of the analysis result.

The count value of the counter 320 is updated by the
command determining unit 310 and switching of whether to
select the SL.C mode or the ML.C mode is performed by using
this count value.

The SLC/MLC determining unit 330 compares the count
value of the counter 320 with a threshold T1, selects the MLC
mode when the count value is equal to or larger than the
threshold T1, and selects the SLC mode when the count value
is smaller than the threshold T1.
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The block supplying unit 340 supplies a free block, to
which a use is not allocated, to the organizing unit 35 and the
write control unit 36. When a free block is supplied to the
write control unit 36, the block supplying unit 340 supplies a
free block to the write control unit 36 together with the deter-
mination result of the SLC/MLC determining unit 330.

The organizing unit 35 performs the data organizing (com-
paction) in the NAND 10. In other words, when the number of
free blocks in the NAND 10 becomes less than a predeter-
mined threshold, the organizing unit 35 performs the com-
paction of collecting valid data in blocks and rewriting the
valid data to a different block, thereby reserving a free block.
The organizing unit 35 first performs the compaction of set-
ting a block in the SLC mode as a compaction source block
and writing to a compaction destination block in the ML.C
mode and then, when a sufficient number of free blocks
cannot be reserved, performs the compaction of setting a
block in the MLC mode as a compaction source block and
writing to a compaction destination block in the ML.C mode.
A free block supplied from the block supplying unit 340 is
used as a compaction destination block. The organizing unit
35 updates the management information that manages a cor-
respondence between a logical address (LBA) of data and a
physical address indicating a recording location in the NAND
10 according to the compaction.

After once buffering write data from the host 1 to the write
buffer 25, the write control unit 36 writes the write data to the
NAND 10. When the write control unit 36 performs data
writing on the NAND 10, the write control unit 36 performs
data writing by using a free block supplied from the block
supplying unit 340 according to the instructed recording
mode (any of the SLC mode and the MLC mode). The write
control unit 36 updates the management information that
manages a correspondence between a logical address (LBA)
of write data and a physical address indicating a recording
location in the NAND 10 according to the writing to the
NAND 10.

FIG. 23 is a diagram conceptually illustrating block man-
agement in the SSD 120. Blocks are classified into an active
block, which includes valid data inside, and a free block,
which does not include valid data inside and to which a use is
not allocated. For example, when data in the same LBA is
overwritten, the following operation is performed. Assume
that valid data of the block size is stored in a logical address
Al and ablock B1 is used as a storage area. When a command
to overwrite update data of the block size in the logical
address A1 is received from the host 1, one free block (re-
ferred to as ablock B2) is reserved and the data received from
the host 1 is written in the free block. Thereafter, the logical
address A1 is associated with the block B2. Consequently, the
block B2 becomes an active block AB and the data stored in
the block B1 becomes invalid, therefore the block Bl
becomes a free block FB.

In this manner, in the SSD 120, even for the data in the same
logical address A1, a block actually used as a recording area
changes every time writing is performed. When update data
of the block size is written, a write destination block always
changes, however, when update data of less than the block
size is written, the update data is written in the same block in
some cases. For example, when page data less than the block
size is updated, old page data in the same logical address in
the block is invalidated and the latest page data, which is
newly written, is managed as a valid page. When all the data
in the block is invalidated, the block is released as a free block
FB.

Data from the host 1 is written in a write destination block
(free block). When writing is performed on this write desti-
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nation block, writing is performed in any of the SLC mode
and the ML.C mode on the basis of the determination result of
the SLC/MLC determining unit 330. The block written in the
SLC mode becomes an SL.C active block and the block writ-
ten in the ML.C mode becomes an MLC active block. In this
manner, in the NAND 10, an SLC active block and an ML.C
active block are mixed. According to the progress of rewriting
ofthe NAND 10, an active block is released as a free block or
released as a free block after becoming a write source block in
the compaction. The free block is thereafter used as a write
destination block for writing user data from the host 1 or a
compaction destination block for writing data in the compac-
tion.

FIG. 24 is a flowchart illustrating the compaction process-
ing procedure performed by the organizing unit 35. When the
organizing unit 35 determines that the number of free blocks
(FB) becomes lower than a threshold K (Step S1100), the
organizing unit 35 first performs a first compaction of setting
an SL.C active block as a compaction source block, collecting
valid data from compaction source blocks, and writing the
collected valid data in a free block of a compaction destina-
tion in the ML.C mode (Step S1110). When the organizing
unit 35 determines that the number of free blocks becomes
equal to or larger than the threshold K by the first the com-
paction (Step S1120), the organizing unit 35 ends the NAND
organizing at this point. However, when the number of free
blocks does not become equal to or larger than the threshold
K by the first the compaction, the organizing unit 35 performs
a second compaction of setting an ML.C active block as a
compaction source block, collecting valid data from compac-
tion source blocks, and writing the collected valid data in a
free block of a compaction destination in the MLC mode
(Step S1130). The organizing unit 35 updates the manage-
ment information that manages a correspondence between a
logical address (LBA) of data and a physical address indicat-
ing a recording location in the NAND 10 according to this
NAND organizing.

FIG. 25 is a flowchart illustrating an operation procedure of
the command determining unit 310 of the controller 30 in the
third embodiment. In the third embodiment, it is determined
that a sequential write is performed on the basis of the address
continuity. In other words, if a write request having a con-
tinuous address continues a predetermined number of times
or more, it is predicted that a sequential write continues
thereafter and data in the MLLC mode is written in the NAND
10.

When the SSD 120 is activated (Step S1200), the command
determining unit 310 initializes a counter variable count to
zero and initializes an end address variable last_lba to an
invalid value (for example, -1) (Step S1210). The counter
variable count is indicated as the counter 320 and the address
continuity is determined on the basis of the count value of the
counter 320. The end address variable last_lba indicates an
address next to the end address specified by the last command
from the host 1 (address obtained by adding one to an end
address). An address assigned to the end address variable
last_Iba is thereafter referred to as an (end+1) address.

When a write command is input from the host 1 (Step
S1220), the command determining unit 310 interprets the
command. As described above, the write command includes
address information AD indicating a top address of write data
and the number of sectors SZ indicating the data size. The
command determining unit 310 assigns the address informa-
tion AD on the write command to a variable Iba and assigns
the number of sectors SZ to a variable sector_count (Step
$1230).
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The command determining unit 310 compares the variable
Iba with the variable last_lba (Step S1240). If they do not
match, the command determining unit 310 clears the variable
count to zero (Step S1250), and, if they match, the command
determining unit 310 increments the variable count, that is,
the counter 320, by one (Step S1260). Furthermore, the com-
mand determining unit 310 assigns a value obtained by add-
ing the variable sector_count to the variable lba, that is, the
(end+1) address, which is an address next to the end address
of data specified by the current write command, to the vari-
able last_lba (Step S1270). Such processing is repeatedly
performed until the SSD 120 is shut down (Step S1280).

When a write command is received for the first time, an
invalid value is set to the variable last_lba, therefore, the
variable lba does not match the variable last_lba in Step
S1240, the variable count is cleared to zero (Step S1250), and
the (end+1) address, which is an address next to the end
address of a current write command, is set to the variable
last_Iba (Step S1270). Thus, thereafter, when a write com-
mand including a continuous address is input from the host 1,
comparison in Step S1240 is a match and the variable count is
sequentially counted up. On the other hand, when a write
command including a discontinuous address is input from the
host 1, comparison in Step S1240 is a mismatch and the
variable count is cleared to zero.

FIG. 26 is a flowchart illustrating an operation procedure of
the SLC/MLC determining unit 330. The SLC/MLC deter-
mining unit 330 compares a value of the variable 1ba, that is,
a count value of the counter 320, with the threshold T1 (Step
S1300). When the count value of the counter 320 is equal to or
larger than the threshold T1, the SLC/MLC determining unit
330 selects the MLLC mode (Step S1310), and, when the count
value of the counter 320 is smaller than the threshold T1, the
SLC/MLC determining unit 330 selects the SL.C mode (Step
S1320). In other words, when a write request having a con-
tinuous address continues equal to or more than the threshold
T1, the SLC/MLC determining unit 330 selects the ML.C
mode. The SLC/MLC determining unit 330 notifies the block
supplying unit 340 of the selected recording mode. The block
supplying unit 340 notifies the write control unit 36 of the
recording mode that is a selection result by the SLC/MLC
determining unit 330 and the block number indicating a free
block to which data needs to be written. The write control unit
36 uses the free block whose block number is notified as a
write destination block and performs writing on this write
destination block in the notified recording mode (MLC mode
or SLC mode).

Consequently, when addresses continue to have a prede-
termined size or more, writing in the MLC mode is per-
formed, otherwise writing in the SLC mode is performed.

However, as shown in FIG. 27, switching of the recording
mode cannot be performed during writing to a block. For
example, while data is written in a block A1 in the SLC mode,
even if there is a determination result to switch the recording
mode from the SLC mode to the MLC mode, data continues
to be written to the block Al in the SL.C mode. In other words,
when there is a determination result to switch the recording
mode from the SLC mode to the MLC mode during data
writing to a block, the recording mode is not switched until
writing to the block is finished. Then, when a write destina-
tion block is changed to the next block A2, the recording
mode is switched from the SLC mode to the MLC mode. Ina
similar manner, the recording mode is changed from the ML.C
mode to the SLC mode when a write destination block is
changed.

In this manner, in the third embodiment, when data from
the host is written, if a write request having a continuous
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address continues equal to or more than the threshold T1,
writing inthe ML.C mode is performed and, otherwise writing
in the SL.C mode is performed. Therefore, a write pattern,
such as a sequential write, is predicted by using a simple and
lightweight prediction method and the compaction is less apt
to occur, thus a decrease in write speed of the SSD is sup-
pressed, whereby a write operation with high write amplifi-
cation factor can be implemented without degrading the basic
performance.

Fourth Embodiment

In the fourth embodiment, when the address continuity is
determined, address skipping within a predetermined range is
allowed. Therefore, when address skipping is within the pre-
determined range, it is determined that addresses continue. In
other words, even if addresses are not completely continued
between the current write command and the next write com-
mand, if address skipping is within the predetermined range,
it is determined that the addresses continue. FIG. 28 is a
flowchart illustrating an operation procedure of the command
determining unit 310 in the fourth embodiment. In FIG. 28,
Steps S1231 and S1232 are added to the flowchart in FIG. 25.
InFIG. 28, steps in which processing the same as that in FIG.
25 is performed are denoted by the same step numbers.

When the SSD 120 is activated (Step S1200), the command
determining unit 310 initializes the counter variable count to
zero and initializes the end address variable last_lba to an
invalid value (for example, -1) (Step S1210). When a write
command is input from the host 1 (Step S1220), the command
determining unit 310 interprets the command and assigns the
address information AD on the write command to the variable
Iba and assigns the number of sectors SZ to the variable
sector_count (Step S1230).

The command determining unit 310 calculates an absolute
value & of a difference between the variable Iba and the
variable last_lba (Step S1231). In other words, in Step S1231,
the difference between the (end+1) address, which is an
address next to the end address of data specified by the last
write command, and the top address relating to data specified
by the current write command is derived.

Next, the command determining unit 310 determines
whether the difference 6 is equal to or larger than a threshold
T2. When the difference 8 is equal to or larger than the
threshold T2, the command determining unit 310 determines
that the addresses do not have continuity and clears the vari-
able count to zero (Step S1250). When the difference 9 is
smaller than the threshold T2, the command determining unit
310 determines that the addresses have continuity and incre-
ments the variable count, that is, the counter 320, by one (Step
S1260). Furthermore, the command determining unit 310
assigns a value obtained by adding the variable sector_count
to the variable lba, that is, the (end+1) address, which is an
address next to the end address of data specified by the current
write command, to the variable last_lba (Step S1270). Such
processing is repeatedly performed until the SSD 120 is shut
down (Step S1280).

In a similar manner to FIG. 26, the SLC/MLC determining
unit 330 determines the recording mode (SL.C mode or ML.C
mode). In other words, the SLC/MLC determining unit 330
compares the value of the variable count, that is, the count
value of the counter 320, with the threshold T1 (Step S1300).
When the count value of the counter 320 is equal to or larger
than the threshold T1, the SLC/MLC determining unit 330
selects the ML.C mode (Step S1310) and, when the count
value of the counter 320 is smaller than the threshold T1, the
SLC/MLC determining unit 330 selects the SL.C mode (Step
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S1320). Thereafter, the operation similar to the third embodi-
ment is performed. The third embodiment corresponds to
determining whether the difference 6 is equal to zero in Step
S1232 in the fourth embodiment.

In this manner, in the fourth embodiment, when the address
continuity is determined, address skipping within the prede-
termined range is allowed. Therefore, when address skipping
is within the predetermined range, it is determined that
addresses continue. Thus, a write pattern belonging to a
sequential write is predicted by using a simple and light-
weight prediction method and the compaction is less apt to
occur, thus a decrease in write speed of the SSD is suppressed,
whereby a write operation with high write amplification fac-
tor can be implemented without degrading the basic perfor-
mance.

Fifth Embodiment

In the fifth embodiment, the access size (the number of
sectors SZ7) often used in a sequential write and alignment of
an address (the address information AD included in a write
command) often used in a sequential write are added as a
predictor, thereby improving the reliability of prediction.
FIG. 29 is a flowchart illustrating an operation procedure of
the command determining unit 310 in the fifth embodiment.
In FIG. 29, the access size and the alignment of an address are
added to the processing procedure in the fourth embodiment
shown in FIG. 28 as a predictor. In FIG. 29, Steps S1233 and
S1234 are added to the flowchart in FIG. 28. In FIG. 29, steps
in which processing the same as that in FIG. 28 is performed
are denoted by the same step numbers.

When the SSD 120 is activated (Step S1200), the command
determining unit 310 initializes the counter variable count to
zero and initializes the end address variable last_lba to an
invalid value (for example, -1) (Step S1210). When a write
command is input from the host 1 (Step S1220), the command
determining unit 310 interprets the command and assigns the
address information AD on the write command to the variable
Iba and assigns the number of sectors SZ to the variable
sector_count (Step S1230).

The command determining unit 310 calculates the absolute
value 8 of a difference between the variable Iba and the
variable last_lba (Step S1231). Next, the command determin-
ing unit 310 determines whether the difference 9 is equal to or
larger than the threshold T2. When the difference 6 is equal to
or larger than the threshold T2, the command determining
unit 310 determines that the addresses do not have continuity
and clears the variable count to zero (Step S1250).

When the difference 0 is smaller than the threshold T2,
next, the command determining unit 310 determines whether
the variable sector_count matches a predetermined value S1
(Step S1233). As the value S1, for example, 128 KiB is used
as the access size often used in a sequential write. If the
variable sector_count does not match the predetermined
value S1, the command determining unit 310 determines that
writing is not a sequential write and clears the variable count
to zero (Step S1250).

When the determination in Step S1233 is Yes, next, the
command determining unit 310 determines whether a
remainder obtained by dividing the variable lba by the value
S1 is zero. When the remainder is not zero, the command
determining unit 310 determines that writing is not a sequen-
tial write and clears the variable count to zero (Step S1250).
When the remainder is zero, that is, when all the requirements
in Steps S1232, S1233, and S1234 are satisfied, the command
determining unit 310 determines that writing is a sequential
write and increments the variable count, that is, the counter
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320, by one (Step S1260). Furthermore, the command deter-
mining unit 310 assigns a value obtained by adding the vari-
able sector_count to the variable lba, that is, the (end+1)
address, which is an address next to the end address of data
specified by the current write command, to the variable
last_Iba (Step S1270). Such processing is repeatedly per-
formed until the SSD 120 is shut down (Step S1280).

In a similar manner to FIG. 26, the SLC/MLC determining
unit 330 determines the recording mode (SL.C mode or ML.C
mode). In other words, the SLC/MLC determining unit 330
compares the value of the variable count, that is, the count
value of the counter 320, with the threshold T1 (Step S1300).
When the count value of the counter 320 is equal to or larger
than the threshold T1, the SLC/MLC determining unit 330
selects the ML.C mode (Step S1310) and, when the count
value of the counter 320 is smaller than the threshold T1, the
SLC/MLC determining unit 330 selects the SL.C mode (Step
S1320). Thereafter, the operation similar to the third embodi-
ment is performed.

In FIG. 29, the access size (Step S1233) and the alignment
of'an address (Step S1234) are added to the processing pro-
cedure in the fourth embodiment as a predictor, however, any
one of the access size (Step S1233) and the alignment of an
address (Step S1234) may be added to the processing proce-
dure in the fourth embodiment. Moreover, at least one of the
access size (Step S1233) and the alignment of an address
(Step S1234) may be added to the processing procedure in the
third embodiment as a predictor.

In this manner, in the fifth embodiment, because at least
one of the access size and the alignment of an address often
used in a sequential write is added as a predictor, the reliabil-
ity when predicting whether writing is a sequential write can
be improved by a simple method.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A memory system comprising:

a nonvolatile semiconductor memory including a plurality

of'blocks, each of the blocks being a unit of erasing; and
a controller that includes:
a write control unit that writes data from a host device ina
block of the nonvolatile semiconductor memory; and

an organizing unit that sequentially determines whether
each data stored in the blocks is valid or invalid, the
organizing unit performing data organizing, the data
organizing including selecting data determined as being
valid and rewriting the data in a new block, wherein

the controller controls write processing by the write control
unit and rewriting to the new block by the organizing
unit alternately at a predetermined data ratio, and

while performing the data organizing, when a determina-
tion result becomes invalid consecutively for a predeter-
mined number of times or more, the controller ends the
data organizing by the organizing unit, and starts the
write processing by the write control unit.

2. The memory system according to claim 1, wherein,
while performing the data organizing, when the determina-
tion result becomes invalid consecutively for the predeter-
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mined number of times or more, the organizing unit writes
invalid dummy data to the new block.

3. The memory system according to claim 2, further com-
prising an address translation table that manages forward
lookup information that associates a logical address specified
from the host device with a storage location in the nonvolatile
semiconductor memory, wherein

the write control unit writes data to which reverse lookup
information including a logical address of the data is
added in a block of the nonvolatile semiconductor
memory, and

the organizing unit determines whether each data is valid or
invalid by comparing reverse lookup information added
to each data with forward lookup information in the
address translation table.

4. The memory system according to claim 2, wherein,
when the data organizing continues for a predetermined time
or longer, the controller interrupts the data organizing by the
organizing unit and causes the write control unit to perform
the write processing.

5. The memory system according to claim 1, further com-
prising an address translation table that manages forward
lookup information that associates a logical address specified
from the host device with a storage location in the nonvolatile
semiconductor memory, wherein

the write control unit writes data to which reverse lookup
information including a logical address of the data is
added in a block of the nonvolatile semiconductor
memory, and

the organizing unit determines whether each data is valid or
invalid by comparing reverse lookup information added
to each data with forward lookup information in the
address translation table.

6. The memory system according to claim 1, wherein,
when the data organizing continues for a predetermined time
or longer, the controller interrupts the data organizing by the
organizing unit and causes the write control unit to perform
the write processing.

7. A memory system comprising:

a nonvolatile memory that stores user data, a forward
lookup address translation table that manages a physical
address of the user data corresponding to a host address,
and a reverse lookup address translation table that man-
ages a host address corresponding to a physical address
and does not include registered information indicating
whether the user data is valid or invalid, the nonvolatile
memory including a plurality of blocks;

a memory; and

a controller that reads, in the memory, the forward lookup
address translation table,

selects a block to be a compaction source,

reads, in the memory, an address translation table being a
part of the reverse lookup address translation table
stored in the nonvolatile memory and corresponding to
the selected block,

includes an address-translation-table comparing unit that
obtains a first host address corresponding to a first physi-
cal address in the read address translation table by using
the read address translation table, obtains a second
physical address corresponding to the first host address
in the read forward lookup address translation table,
determines that the user data in the first physical address
is valid data when the first physical address matches the
second physical address, and determines that the user
data is invalid data when the first physical address does
not match the second physical address,
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writes the user data determined as valid data by the
address-translation-table comparing unit to a block to be
a compaction destination,

associates the first host address with a third physical
address in which the user data determined as valid data
in the block to be a compaction destination in the reverse
lookup address translation table is written, and

associates the third physical address with the first host
address in the read forward lookup address translation
table.

8. The memory system according to claim 7, wherein the
reverse lookup address translation table is present for each
block.

9. The memory system according to claim 8, wherein

the memory stores address-translation-table storage loca-

tion information indicating a location of the reverse
lookup address translation table in the nonvolatile
memory, and

the controller reads the part of the reverse lookup address

translation table to the memory on a basis of the address-
translation-table storage location information.

10. The memory system according to claim 9, wherein the
controller reads the address-translation-table storage location
information stored in the nonvolatile memory to the memory.

11. The memory system according to claim 7, wherein
when the address-translation-table comparing unit deter-
mines that the user data in the first physical address is invalid
data, the controller determines whether there is a fourth
physical address subsequent to the first physical address, and
when there is the fourth physical address, the controller
causes the address-translation-table comparing unit to deter-
mine whether the user data in the fourth physical address is
valid data or not.

12. The memory system according to claim 11, wherein,
when the fourth physical address does not exist, the controller
selects a block to be a compaction source.

13. The memory system according to claim 12, wherein the
invalid value has been written at a time of initialization.

14. The memory system according to claim 13, wherein the
memory is a RAM.

15. The memory system according to claim 14, wherein the
nonvolatile memory is a NAND type flash memory.

16. The memory system according to claim 7, wherein,
before the third physical address is associated with the first
host address, an invalid value is written in a host address
corresponding to the third physical address in the reverse
lookup address translation table.

17. A control method of a memory system that includes a
nonvolatile semiconductor memory, the nonvolatile semicon-
ductor memory including a plurality of blocks, each of the
blocks being a unit of erasing, the method comprising:
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receiving a plurality of write requests from outside the
memory system, the write requests including data and an
address;

determining whether a first condition is satisfied on a basis
of addresses included in the write requests, the first
condition being a condition in which a first state is
detected consecutively for a first threshold number of
times or more, the first state being detected when a
difference is less than a second threshold, the difference
being a difference between an end address of data speci-
fied by a last write request and a start address of data
specified by a current write request;

determining that the block is used in a multi-value mode
and writing data in the block in the multi-value mode
when the first condition is satisfied; and

determining that the block is used in a binary mode and
writing data in the block in the binary mode when the
first condition is not satisfied, wherein,

even when a determination result of whether the first con-
dition is satisfied changes while writing data to the
block, switching of a recording mode is not performed
until writing to the block is finished.

18. The method according to claim 17, further comprising:

determining whether a second condition that a write
request in which a data size matches a predetermined
value is received continuously a predetermined number
of times or more is satisfied on a basis of addresses
included in the write requests;

determining that the block is used in the multi-value mode
and writing data in the block in the multi-value mode
when the first condition and the second condition are
satisfied; and

determining that the block is used in the binary mode and
writing data in the block in the binary mode when the
first condition or the second condition is not satisfied.

19. The method according to claim 17, further comprising:

determining whether a third condition that a write request
in which a remainder obtained by dividing a top address
by a predetermined data size is zero is received continu-
ously a predetermined number of times or more is sat-
isfied on a basis of addresses included in the write
requests;

determining that the block is used in the multi-value mode
and writing data in the block in the multi-value mode
when the first condition and the third condition are sat-
isfied; and

determining that the block is used in the binary mode and
writing data in the block in the binary mode when the
first condition or the third condition is not satisfied.
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